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FOREWORD

This report is submitted in accordance with the requirements of
Contract NAS8-27567. Martin Marietta Corporation submits this
report in three volumes as follows:

Volume I--System Functional Activities (NASA CR-61380)

Volume II--Technical Parameters (NASA CR-61381)

Volume III--Operational Availability (NASA CR-61382)
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SUMMARY

Developing interrelationships between technical parameters is one
approach for describing a complex system in a logic network dis-
play. One main advantage of this method is that it gives visi-
bility to the primary parameters of concern in controlling the
development of a complex system.

This study describes a scheme based on starting the logic net—-
works from the development and mission factors that are of pri-
mary concern in an aerospace system. This approach required
identifying the primary states (design, design verification, pre-
mission, mission, postmission), identifying the attributes within
each state (performance capability, survival, evaluation, opera-—
tion, etc), and then developing the generic relationships of
variables for each branch. To illustrate this concept, we used

a system that involved a launch vehicle and payload for an
earth-orbit mission. Examination showed that this example was
sufficient to illustrate the concept; a more complicated mission
would follow the same basic approach, but would have more exten-
sive sets of generic trees and more correlation points between
branches.

This study showed that in each system state (production, test,
and use), a logic could be developed to order and classify the
parameters involved in the translation from general requirements
to specific requirements for system elements.

The technique of graphical description of technical parameter re-
lationships was found to have limitations due to the high degree
of correlation that exists between parameters of a complex sys-
tem. The technical parameter trees developed for the reference
system show some of these limitations. A more sophisticated
method of determining and showing parameter relationships needs
to be developed.
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11.

PURPOSE

The purpose of this task is to identify the technical parameters
that exist during, that are developed by, and that influence the
definition/design phase.

DEFINITIONS

Variable A quantity to which an unlimited number of
values can be assigned in an investigation

Constant A quantity whose value is fixed in any in-

Arbitrary Constant

Function

Independent Variable

Dependent Variable

Technical Parameter

vestigation

A constant that represents one particular
quantity or number in a given investiga-
tion or problem but that may represent an-
other quantity or numerical value in anoth-
er investigation or problem

A variable quantity whose value depends on
and varies with that of amother quantity

or quantities; i.e., when two variables

are so related that the value of the first
variable is determined when the value of

the second variable is given, then the first
variable is said to be a function of the
second, or Y = f (x)

The second variable (in the equation
Y=f (x) ) of a function to which values
may be assigned at pleasure within limits,
depending on the particular problem

The first variable of a function whose val-
ue is determined when the value of the in-
dependent variable is given

An arbitrary constant whose value deter-
mines the specific form of a system or sys-
tem element but not its general form



Technical Solution

Technical Parameter
Tree

Mission State

The dependent variable in the process of
solving a technical problem consisting of
independent variables and arbitrary con-
stants

A logic network that describes a generic
relationship between technical parameters

A part of a mission identifiable by a homo-
geneous set of requirements and factors
that sets that part apart from other parts
of the mission; i.e., the production state
has little to do with the launch state; the
transportation state has nothing in common
with the orbit state; and so on




III. TECHNICAL PARAMETERS

A. GENERAL CONSIDERATIONS

As indicated by the definition, a technical parameter is a factor
in the general solution of a technical problem. It is an arbitrary
constant that determines the specific form of the independent vari-
able in the problem.

In a mathematical example, the equation

y = (x) a

is the equation of a straight line where y is the dependent vari-
able, x is the independent variable, and "a" is a parameter that
determines the slope of the line. The parameter "a" determines

the specific form of the line but is not a factor in determining
the general form of the line; i.e., a straight line (see Fig. 1).
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Figure 1 - Straight-Line Parametric Curves

In a system definition the same analytical relationship exists; how-
ever, the problem is more complex due to the multiplicity of param-
eters involved.

Relating the simple straight-line equation to definition/design phase
applications, we have

Y=f (X)P

where
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It must be understood that a solution at any point in the definition/
design evaluation is a function of all the various subparts that
make up the total. For example, the solution of a particular sys-
tem must be made up of all the subsystems involved in the system
Yx = f (Yss , Yss . Yss s o e ey Yss ). Consequently, the inter-
. 1 2 3 X

relationship of the parameters of Y , Y , Y s + o+ o+ 4 Y

ss,’ 'ss,  ss, ss
must be defined and controlled so that the solution of any one
subsystem does not preclude the solution of another.

The integration of parameters across the various subsystems and
the integration of subsystems in a system solution are major roles
of the systems engineering organization. These involve defining
general requirements and interface requirements, indentifying the
parameters, and trade study analyses. Note that the topic of
parameter integration is not covered in this report.



AEROSPACE SYSTEM DEFINITION/DESIGN TECHNICAL PARAMETERS

The technical parameters that exist during, that are developed by,
and that influence a system definition design are those involved in
the analysis and synthesis of all elements that constitute the
system. To describe these technical parameters, fundamental mission
and development functions and requirements must be determined and
translated into concepts and performance/design requirements.

Figure 2 shows the fundamental process involved in developing these
requirements from the point of determining mission objectives to the
selection of system elements that meet the performance and design
requirements. It follows, then, that the technical parameters are
those of the mission, the system concepts, the system element con-
cepts, and the performance/design requirements of the concepts. The
steps shown in Figure 2 describe a set of transformations in which
the requirements for the mission are expanded from a general and
qualitative objective to a definitive set of element descriptions
and requirements.

Mission Mission System System
Objectives ===mpp| Requirements |jemmswevemeedp{ Functional |eeeeip] Requirements
Definition Analysis Definition
<+ <4

System Concept
Definition &
Selection

System Element

el Functional

Analysis

System Element
Requirements
Definition

q

System Element
Definition &
Selection

Figure 2 Fundamental Design Process

The first step in this process is the definition of particular mission
requirements. This action is the result of a mission study that
defines specific capability, availability/dependability, and sur-
vivability requirements for system development. These types of re-
quirements are specified for each program phase that makes up the
system's life cycle. The parameters of each of the phases are the
specific states of that phase. This is consistent with the definition
of a parameter--an arbitrary constant that determines the specific
nature of an item but not its general nature.




Figure 3 shows specific states of a system and the reiationship

of the program phases to the specific state of each of the phases.
Figure 3 also implies (correctly) that parameters may be of vari-
ous levels; i.e., the parameters of the program objective are the
program phases, the parameters of the program phases are the spec-
ific states of that phase, and so on. The requirements specified
for each state are uniquely dependent on the specific mission.

In general, the mission requirements identify:

1) what must be gchieved;
2) mission success prohability;

3) requirements for ensuring that men and/or equipment survive
the mission;

4) where, when, and how the mission is to be performed.

All parameters for each state can be grouped under three general
classifications: capability, dependability/availability, and sur-
vivability. These classifications apply to all states, and in the
subsequent systems analysis are used as the basis for defining
system parameters. Table 1 shows an example of parameter classifi-
cation.

The system parameters definition is the result of a series of oper-
ational and systems analyses aimed at describing the functions and
requirements that must be implemented by the system elements. This
transformation examines the mission states, identifies the principal
functions that must be performed, determines the general parameters
to be applied, and defines these general parameters in terms of
specific values in specific parameters. Figure 4 shows the evolution
of parameters from the determination of program objectives to the
solution of specific parameters in the form of specific designs.

Each mission state is then examined to determine the specific re-
quirements that must drive the definition of the system.



PROGRAM

Provide a capabil-
ity to rescue three
astronauts from a
manned, earth-or-
biting spacecraft

Provide the capabil-
ity to launch six
payloads a year for
3 yr

Provide a 10-yr useful
life for an orbiting
payload

Provide a 1-yr launch-
readiness capability with
a 0.95 probability of a
successful launch

| 1
Development Premission Mission
Phase Phase Phase
Build Production Launch Orbit Descent
Design Test Ascent Recovery
Transport Assembly Verification
Storage Readiness
Figure 3 Example of Program Phases and State Relationshipe
Table I Classification of Parameters
Capability Dependability/Availability Survivability
Place a 20,000-1b Provide a 0.999 probability Provide means
payload into a of making a successful launch| for three men
235-n-mi circular within 32 hr to live and
earth orbit at a work in space
35° inclination for 56 days
Soft-land a Provide a 0.98 probability Provide a 5-yr
1b instrument pay- of successfully launching storage capabil-
load on the sur- within a prescribed launch ity for a launch
face of Mars window vehicle system

Provide means for
survival during
reentry

Provide means for
complying with
range safety
requirements




Mission

Analyeis

Mission~-
State
Systems
Analysis

!

Mission-

State Launch-
System et State
Element Systems
Definition Analysis

Launch- Verifi-

State cation~

System e State

Element Systems

Definition Analysis

A 4

Verifica- Assembly-
tion State State
System =1 Systens
Element Analysis
Definition

Figure 4 Systems Definition Sequence

The process, it will be noted, is sequential and the flow of activ-
ities is from the object mission back to the production state. This
means that the definition of mission system elements must precede

the systems analysis of launch, verification, assembly, etc. This
logical sequence overlaps considerably in practice since these states
are not mutually exclusive. The requirements of launch and verifica-
tion, for example, do affect the object mission system.

The last two steps in the system process involve defining solutions
to the system requirements. These solutions are the descriptions
of system element concepts and performance and design requirements
that, if met, would collectively achieve the mission objectives.
The solutions are system elements consisting of airborne equipment,
GSE, facilities, personnel, and procedures. For a complex system,
this set of elements is extensive. The broad nature of solutions
is indicated in Figure 5. '

Note that for each of the system elements indicated, and for each
system element, there is a specific set of parameters and a par-
ticular solution (concept). Although the parameters of each state
are unique, they can be classified as shown in Figure 5. Once

the system elements that are required for a typical mission have
been identified, it can be seen that the parameters of each of

9

[N "N



daysuorgpyoy 24v3S weyshs-yuously weqehs Jo ajdupcy g sanbzd

[ S

X X X X X X b X K39388

B X 1 ’ £1quassy

) x0T x x | 0 T 77| Tecuedaiuen/so1asyior

23e1038

X X R o ) ) suojiesadp UOISSIH
. T O ’ I (N youne]

= I I e C - - Inoy2ay)
sa1npasold

X ) ‘ - . ) 3183l

‘uoyje3zodsuely

X N Tx . uoj3onpoid

X X D X ) ) B R Sutuieil

Main

ATquassy

X X ) x T TT T x 1T ’ ) R D 20UBUIIUTER

guotieiadg uoysSsSIW
X youne]
Tauuosiad

X uog3onpoig
X L1quassy

X ‘ a3e103g

_ “‘1 1013U0) UOISSTH
x younep
S9T3TTIoRd

adueuaIUTER

A3ages
X X X 3uypuel

la.

b itel]
>
el bl
>

suofjeiadg

>

X Inoyo3Y)
gs80

1013u0) TEIUSWUOITAUF

L

SuOT3EedTUNUIIO)

1e5T132213d
Toijuo) 3 2oUepIN)

juertadoag

i |ine| >4 14
;
T
|
l

adex03§

auxoqaty
juaudynbgy

(3u29sy) UOTSSTH | YouneT | UOTIBDITITISA A1quessy | a8e103s | uoyaezzodsuely | uoFIONpOId

10




these elements comes from the states. For example, the parameters
of a typical airborne equipment element (guidance and control)
come from the mission state, but the parameters of a typical per-
sonnel element (maintenance) come from the storage state, the as-
sembly state, the verification state, and the launch state.

In general, the parameters of any system element come from any state
in which the element must perform its function. The system elements
are those elements that are necessary and sufficient to describe

what must be produced. When modified by parameters, the system
elements provide the content of specifications.

SUMMARY
In summary, the technical parameters that constitute those present in
the definition/design phases are:

1) specific states for the mission, premission, and development
phases;

2) requirements for each specific state;
3) performance/design requirements for system elements.

The relationship of these parameters will be described in the fol-
lowing chapter.

11



Iv.

TECHNICAL_PARAMETER DESCRIPTION __

INTERRELATION OF PARAMETERS

In the previous chapter, the complex relationship of system param-
eters was described. The process of system definition and design
involves many separate but interrelated analysis and synthesis
activities that collectively result in the description of the sys-
tem elements. Therefore, the systems engineering of a complex sys-
tem requires that means exist for describing the logical relation-
ship of activities in order to provide visibility for control and
to determine that all results are complete and integrated.

There are many ways of describing the logic relationships of the
elements of a system; e.g., analysis models, specification trees,
and part networks. All describe some aspect of the interrelation-
ships that exist during a system development.

For example, Figure 6 is a model of the system elements, subsys-
tems, and equipment that make up a complete system. This model
shows the assembly relationship of elements, their type, and the
major categories of elements. As in any generic relationship de-
scription, it has value as a control mechanism. It is a check to
determine that all elements are conceived, a means of assessing
the impact of changes, and a guide to the allocation of roles and
responsibilities. This example is a model of solutionms.

Another type of model that provides a more detailed view of a sys-
tem is a tree of technical parameters. Technical parameter trees

describe the generic relationship between a set of parameters and

a solution. Such relationships are contained in the analysis and

synthesis of every system element and every subsystem.

One of the simplest forms is where the parameters all have the
same dimension:

w=f(wl+w2+w3+w4+. . .+wn).

12
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This is the case for a launch vehicle weight model and reliability

allocation model, as shown in Figure 7. The complexity of a system
often causes the relationship of parameters to be more complicated.
This relationship can be described as follows:

Mission System Requirements = f (Mission Requirement)

(Performance Requirement) _ [Eq 1]

Design Solution = f (System Element Requirement)

(Performance Capability) [Eq 2]

for a vehicle system performing a specific mission. The parameters
of the system requirements determine the specific solution in both
equations; i.e., are the parameters of the system synthesis.

W = WEIGHT VEHICLE

R = RELIABILITY SYSTEM

[_ W

SUBSYSTEM SUBSYSTEM | SUBSYSTEM SUBSYSTEM SUBSYSTEM
1 2 3 4 5

Figure 7? Example of Weight and Reliability Model

In other than the mission phase--that is, in the premission or
development phases--the problem differs in that the design solu-
tions are a function both of system requirements for the develop-
ment state and of the design solution of the mission state. This
complexity is explained in the following equations for system ver-
ification:

System Verification Requirements = f (Mission Success Require-
’ ments, Vehicle Systems, Per-
formance/Design Requirements)
[Eq

15
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Verification System Element = f (System Verification Requirements,
Vehicle Systems, Performance/De-
sign Requirements) (Eq

We see from this analysis [Eq 4] that the performance and design
solutions (checkout, alignment and calibration GSE, facilities,
personnel, and procedures) for elements of the verification sys-
tem are functions both of the system verification requirements
and of the unique performance and design characteristics of the
mission-system elements. This same pattern holds true for other
premission and development states: the design solutions are a
function of the parameters in each state. The system requirements
of each state, together with a generalized set of system-element
performance and design requirements, provide the basis for de-
scribing the parameter relationships in a design solution.

The following section presents an illustrative example of an ap-
proach to describing the system technical parameters. Note that
the method of presenting parameters does not constitute a develop-
ment tool in the sense of providing a scheme for conducting a sys-
tem engineering process. Rather, it is a way of graphically rep-
resenting relationships that can be used for assessing the results
of a system development.

EXAMPLE OF A TECHNICAL PARAMETER HIERARCHICAL RELATIONSHIP

The systems analysis performed during the system definition phase
of an engineering activity will usually result in the determina-
tion of an initial set of technical parameters. Basically, the
selection of technical parameters consists of analyzing customer
requirements, establishing interrelationships between the various
performance requirements, and defining a system configuration to
meet these requirements. This activity usually comprises perfor-
mance analyses, developing conceptual designs, and developing
mathematical models to allocate the system requirements to the
proposed system technical parameters. These allocation models
are then used to establish performance requirements for the sys-
tem technical parameters in order to establish the performance

margins to be held in reserve to meet unforeseen future contin-
gencies.

16
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In addition, system effectiveness models are developed to estab-
lish the interrelationships and relative sensitivities of the
primary system technical performance parameters. These models
provide the basis for determining which parameters contribute sig-
nificantly (on the subsystem and component level) in obtaining the
data needed to predict performance or effectiveness at the system
level.

The technical performance parameters selected at the system level
usually consist of the system primary performance requirements,
requirements associated with contract incentives, and requirements
associated with areas of high technical risk. The technical per-
formance parameters selected at the subsystem and component levels
consist of those necessary to predict performance at the next high-
est level of assembly.

The following example illustrates the method of establishing such
technical parameter hierarchical relationships. In a typical de-
velopment program for a space launch vehicle, the primary system
technical performance requirements would initially be selected
because of their criticality with respect to mission success.
These would be requirements specifying the payload capability,
probability of mission success, injection accuracy, and probabil-
ity of launch on time. Subsequently, during the design defini-
tion phase, each one of the primary technical performance require-
ments would be analyzed, performance allocation and prediction
models. would be developed, and a system configuration would be
established. Figure 8 depicts an extremely simplified model of
the payload capability requirement to illustrate the development
of technical performance parameter hierarchical relationships at
the subsystem and component levels.

In this example, a two-stage vehicle configuration had been se-
lected as a result of a prior systems analysis investigation. The
payload capability model that had been developed required hardware
performance data inputs in terms of thrust, specific impulse, ini-
tial stage weight, and propellant outage. Therefore, exact values
of these parameters would be specified for each stage and would be
monitored throughout the system development to permit a performance
evaluation of the overall system. The individual stage parameters
would then be further allocated to the subsystems and components
as shown in Figure 8 to permit a subsequent performance evaluation
of the individual stages.

17
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Specific Im-
pulse Propel-
lant Flowrates

|

r

Stage
I

Stage

Engine Thrust

Engine Flowrate

Gas Generator Thrust
Gas Generator Flowrate
Pressure System Flowrate

Outage

1

Stage
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11

1

1

1

Propellant Mixture Ratio Pressurization
Structure Engine Electrical Loading System System
Repeatability
i Accuracy Performance
Fuel Tank Pump Assembly Batteries Pump Performance
Oxidizer Tank Thrust Chamber Cordage Flowmeter Accuracy
Equipment Truss Gas Generator Sequencer System AP

Feedlines
Skirt

Plumbing

Figure 8 Development of Technical Performance Parameter Hierarchical
Relationships (Simplified Two-Stage Example)
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The above analysis reveals that technical parame.ers for complex
systems can be displayed in an orderly fashion in each phase of
the program for each major system element (payload, vehicle, sup-
port, etc). In addition, the parameters for each state could then
be identified in terms of input requirements and system element
parameters. In this respect, system parameters cannot be divorced
from the system element synthesis in any part of the design cycle
(concept, definition, and design phases). This condition results
from the iterative nature of the design process. Figure 9 illus-
trates this condition with a generic breakdown into capability
parameters, dependability/availability parameters, and surviva-
bility parameters. In the following section this concept is ap-
plied to a total launch vehicle system to illustrate in detail the
role of technical parameter relationships for each mission state;
i.e., launch, verification, assembly, storage, and production.

PROGRAM OBJECTIVES

PROGRAM
PHASE

¥
Production, Premission, Mission
1

STATE

Accent/Injection, Launch,[Assembly, Verificationm,
Storage, Transportation, | Production

STATE

REQUIREMENTS
SYSTEM W
PARAMETERS -
Capabilities Dependability/ Survivability
Parameters Availability Parameters
Parameters
1
Performance Operation
Iteration
System-Element Process
Synthesis -

Solutions

Figure 9 System Element Synthesis/Design Solution
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Mission State Parameters

The mission state parameters are those involved in translating
primary mission objectives into mission requirements, system re-
quirements, and solutions that provide the performance capability,
survivability, dependability, and mission operation and control.
The reference mission objective used in this illustrative example
to identify the technical parameters of this state is the injec-
tion of a payload into a prescribed orbit. Examples of mission
parameters resulting from a mission analysis are: :

1) Payload,
a) Interfaces (electrical, mechanical, and environmental),

b) Physical characteristics (mass properties, stiffness, con-
figuration, laod limitation);

2) Orbit requirements,
a) Type,
b) Altitude,
c) Inclination,
d) Accuracy;
3) Launch point;
4) Mission duration;
5) Natural environment,

a) Planetary physics (gravity gradient, atmospheric density
gradient, ground wind model, wind aloft model),

b) Space environment (meteroid incident probability, solar
radiation).

These parameters result from a systems analysis investigation that
defines an initial system configuration, which in turn, must be
satisfied by system element designs. This systems analysis is not
an uncorrelated activity. It is integral with the selection of
solutions (subsystem concepts and their performance capabilities)
in terms of an iterative relationship between many parameters.
This, together with the existing interdependencies, provides a
composite network for identifying technical parameters.
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Reference System Parameters - In Figure 10 (Appendix), the param-
eters for the mission state of the reference system are identified.
The primary threads of capability, dependability/availability, and
survivability serve to classify the mission attributes and system
requirements and to identify the system element solutions that re-
sult from each set of analysis and synthesis activities. The basic
elements contributing to each design solution are indicated for
each system and subsystem level. For example, the parameters nec-
essary to specify the guidance and control functions are broken
down into the computational aspect (flight path) as well as the
subsequent implementation of these computations (steering and vec-
tor control). Finally, the hardware/software, systems design con-
cepts, and procedures are also identifled for each parameter or
set of parameters.

Launch State Parameters

The launch state parameters result from mission requirements ap-
plicable to the launch operation and from the associated mission
system requirements for preparation and execution of the launch
activity. The mission objectives for launch are expressed as mis-
sion success probabilities, launch rates, launch location, and
reaction times. These are the parameters that determine concepts
for conducting launch operations and for selecting system elements
needed to perform the launch for the reference system. The mis-
sion requirements are:

1) A specified launch location;

2) A probability of launch on time.

The mission system of a launch vehicle is therefore defined in:
terms of:

1) Configuration;

2) Subsystem performance requirements;

3) Subsystem operation description;

4) Subsystem launch preparation requirements;
5) Subsystem checkout requirements;

6) Subsystem handling requirements.
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The systems analysis performed has as its objective the develop-~
ment of a launch operation concept that meets the mission require-
ments and that can be satisfied by launch system element solutions
(concepts and performance/design requirements) in the form of fa-
cilities, equipment, skilled personnel, and procedures. The types
of parameters for the launch state are similar in aerospace systems,
but depend on the specific mission requirements.

Reference System Parameters - The technical parameters for the
reference systems are illustrated in Figure 11 (Appendix). The
classification by type of parameter provides the means of showing
the mission system characteristics that have a direct bearing on
the launch system synthesis, and shows the main single threads
that lead to a specific launch system solution. At the conceptual
design level these parameters provide an integrated approach for
determining design specification. For example, the capability
loop ties together the launch state final assembly, verificationm,
and operations activities, which affect the vehicle ground support
systems, event sequences, timer, etc. The various parameters con-
tributing to a design solution can now be identified and integrated
into a design configuration.

Verification State Parameters

The verification state involves the assessment and evaluation of
the systems elements that make up the operational mission system.
The systems include facilities, equipment, personnel, and proce-
dures for:

1) Assembly; 4) Launch;
2) Logistics; 5) Mission control;
3) Verification; 6) Vehicle systems.

The apparent anomaly of verifying verification equipment actually
involves evaluating ground support equipment (GSE) in its installed
and integrated state.

The verification activity arises directly from the mission ob-
jective and requirement for high mission success probability. The
verification action ensures that the system elements, in their op-
erational test condition, function correctly, both individually
and as a total integrated system. This verification of all activ-
ities except the mission state is a one-time evaluation prior to
its operational usage. The verification of the total system is

an integral part of each mission.
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The verification solution of any system element is shown symboli-
cally in the following functional relationship.

Verification Solution = f (System Element, Functional Requirements,
Interfaces, Test Requirements, Operating
Procedures, Success Criteria).

Reference System Parameters - In Figure 12 (Appendix), the param-
eters for a launch vehicle verification plan are identified. Those
shown are the system-level parameters. Note that the particular
solution for each element constitutes the detail design solution.
The parameters shown are those that would make up an integrated
system verification plan, along with the control documentation
procedure. It is important to note that anomalies in the verifi-
cation process may affect the final design synthesis, possibly to
the extent that the plan may have to undergo several iterations
to account for multiple contingencies, such as missing a launch
window because of bad weather or an equipment malfunction.

Assembly State Parameters

The assembly state includes the functional activities of assem-
bling the mission system in preparation for performing the actual
mission operation. The technical parameters of this state are a
function of the configuration and handling requirements of the mis-
sion system. As one of the system development considerations, the
system assembly results in the definition of a set of facilities,
equipment, procedures, and personnel. The overall system/mission
requirements that govern the nature of the assembly system elements
are:

1) Launch rate; 3) Mission success probability;
2) Assembly/launch location; 4) Program duration.

The first of these directly affects the capability of the assembly
complex. The location, mission success probability, and program
duration affect the ability of the assembly systems to provide the
desired safety and dependability of the total mission system.
These factors are examined as part of the system/mission analysis,
and a concept is selected that satisfies the mission requirements.
In the definition/design phase, this concept is defined in terms
of a specific configuration, and performance and design require-
ments. In the following section, the technical parameters in-
volved in this synthesis action are identified for a launch vehicle
system.
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Reference System Parametere - Figure 13 (Appendix) identifies the
technical parameters used in the definition of assembly-system
elements. As shown, the configuration, handling, and protection
requirements are the principal system requirements that determine
the specific conceptual performance/design requirements of the as-
sembly system elements. The mission requirements (launch rates)
determine the size and number of assembly cells, shifts, handling
equipment, etc, of the complex. Together, these elements define
the total configuration.

Storage State Parameters

The storage state encompasses the activity of maintaining mission
system elements in a state of passive readiness until needed. In
the definition/design of a system where a storage mode is a part
of the program plan, the mission and system analyses are conducted
to identify the storage system elements and to identify their ef-
fect on the total mission system. The mission parameters that af-
fect the storage state definition are storage location, storage
duration, and mission success requirements, the latter being ex-
pressed in terms of the reliability of the system at the end of
the storage mode.

The mission system parameters involved in the definition of stor-
age system elements are primarily the system configuration and its
handling, maintenance, and environmental requirements. The char-
acteristics of the system of interest are the criticality of parts
reliability as a function of time, and what must be provided in
the form of maintenance and protection.

Reference System Parameters - Figure 14 (Appendix) identifies the
system technical parameters of interest in defining storage sys-
tem elements. This diagram illustrates the general mission sys-
tem factors for all parts of a mission system. In a complex sys-
tem, the storage-state systems analysis involves making a detailed
examination of all subsystems and identifying the unique preven-
tive-maintenance requirements of each element.

Production State Parameters

The production state involves the functional activities of manu-
facturing hardware from design drawings, performing the necessary
tests during the manufacturing process, performing the functional
tests on the completed hardware, and ensuring that the completed
hardware is ready for shipment to its storage or assembly loca-
tion. The mission system parameters involved in the production
state are primarily those that involve schedules, quality control,
and ability to meet acceptance tests. Any of these areas can af-
fect mission initiation and success.
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Reference System Technical Parameters -~ The parameters of the pro-
duction state are identified in Figure 15 (Appendix). As can be
seen, the list of parameters and the types of parameters are ex-
tensive. For this very reason, production-state parameters should
be identified early in the development program. The parameters
that are identified are performance parameters expressed in terms
of schedules, objectives, and capacity of the production process
and operation; survivability parameters expressed in terms of
hazards and environmental control; and dependability parameters
expressed in terms of mean time between failures (MTBFS) and qual-
ity control.

SUMMARY

In this analysis and identification of technical parameters of the
definition/design phase, we have shown that the technical param-
eters can be classified according to three basic types: mission,
system, system element.

We have further shown that the parameters are logically broken
down by mission state and classification (capability, dependabil-
ity/availability, survivability). This development of a parameter
hierarchical relationship reveals single threads in each state,
which result from driving or influencing mission requirements to
resulting design solutions. This exercise, conducted using a
launch vehicle as a reference model, indicates that the approach
could potentially be useful to provide downstream visibility to
the critical and significant relationships in the development of

a large and complex system.

Such a procedure would be useful for traceability and tracking
purposes. This method of display is particularly important in
that it highlights the interrelationships between the analysis and
synthesis of various elements of the system configuration. For
example, the mission system (launch vehicle) affects the selec-
tion, sizing, and specification of requirements for ground system
elements for mission control, launch verification, etc.

This type of analyses suggests that the further development of such
a methodology for systems engineering management purposes would
provide a useful tool, and that it presents capabilities and ad-
vantages that complement already existing functional analysis
procedures.
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